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EXECUTIVE SUMMARY

The U.S. neutron users’ community is eagerly anticipating the commissioning and operation of beam
lines starting in 2006 at the Spallation Neutron Source (SNS) (for more information, see www.sns.gov),
currently under construction at Oak Ridge National Laboratory (ORNL). In addition, ORNL’s upgrade of
the High Flux Isotope Reactor, and associated new and upgraded instruments there, is eagerly awaited.
Opportunities exist for wonderful scientific advances with neutron scattering and spectroscopic
investigations by chemists and by biologists working at the chemistry-biology interface. However, the
number of active neutron users in the United States among these communities is currently small, and the
communities as a whole had little opportunity to communicate their interests and needs before the
workshop on Neutron Scattering for Chemistry and the Chemistry-Biology Interface (NSFChemBio) and
the overlapping workshop on Sample Environments for Neutron Scattering Experiments (SENSE). Most
of these needs will be of interest to the other U.S. scattering facilities as well: the Center for Neutron
Research at the National Institute of Standards and Technology, the Intense Pulsed Neutron Source at
Argonne National Laboratory, and the Lujan Center for Neutron Scattering at Los Alamos National
Laboratory. The Joint Institute for Neutron Sciences (JINS), an intellectual center for the neutron
sciences, played a leading role in the organization of both the NSFChemBio and the SENSE workshops.
Florida State University (FSU) partnered with JINS in the organization of the NSFChemBio workshop,
and FSU and ORNL’s Center for Nanophase Materials Science (CNMS) were partners in the SENSE
workshop. Oak Ridge Associated Universities also provided financial support.

The two overlapping workshops were held at Florida State on September 23-26, 2003. The goals of
these two workshops fit nicely within the National Science Foundation’s themes of people, ideas, and
tools. The goals accomplished the following:

e Informed the chemistry and chem-bio communities of opportunities—instrumentation and supporting
facilities—currently planned for SNS and CNMS, which will be adjacent to and connected to the SNS
Central Laboratory Office Building:

= Tutorial-style presentations covered the fundamentals of neutron scattering and spectroscopy, a
“Neutrons 101” approach that assumed little familiarity with the subject.

= Presentations on important scientific questions and the role that neutrons can play in answering
them were drawn from areas such as catalysis; materials for energy production and storage;
electrochemistry; magnetism; structure and dynamics in liquids, glasses, complex fluids,
synthetics, and biopolymers; molecular behavior under confinement and near interfaces; and the
role of weak interactions and molecular architecture in self-assembly on multiple length scales.

e Solicited the community’s ideas on the needs for:

= Instrumentation, including research and development themes such as detector development.

= Sample environment development (addressed by the overlapping workshop, SENSE).

= Time-resolved neutron scattering.

= Preparation of deuterated or other isotopically substituted compounds, of both low and high
molecular weight: is a centralized or distributed research resource needed?

= Data analysis suites that integrate modeling and simulation.

= Education in designing, executing, and analyzing scattering experiments; remote access and
service-mode.



¢ Identified tools needed and outlined a path to realization via the formation of concept teams to
develop science cases and funding proposals for:

= Instrumentation.

= Sample environments.

= Supporting lab facilities and instrumentation (e.g., deuteration, X-ray diffraction (XRD), nuclear
magnetic resonance (NMR), microscopies).

= Best practices for education of new users—short courses, summer schools, curriculum
development at the graduate and undergraduate levels.

= Fellowship and research participation programs.

This report focuses on outcomes from the NSFChemBio workshop. A companion report* focuses on
the SENSE workshop. The combined attendance at the workshops was 160 participants, with many
attendees who are not currently users of neutron-scattering techniques. Participation from abroad was
significant. U.S. academic institutions represented ranged from primarily undergraduate institutions
through research-intensive universities and included universities that serve underrepresented minorities.
There were participants—and exhibits—from industry, as well as from government laboratories. Details
of the workshop structure and agenda are presented in Appendix A.

In addition to tutorial-style talks on the basics of neutron beam production and delivery to
instruments optimized for a range of neutron-scattering techniques, the participants heard talks on the
exciting science being accomplished in the chemical sciences and at the chemistry/biology interface using
neutron scattering. In four breakout sessions, opportunities and needs of current and prospective neutron
users were discussed and a series of findings and recommendations were provided concerning the
following: (1) support facilities needs for soft matter; (2) needs for hard matter: support facilities, sample
environments, and isotopic labeling; (3) deuterium labeling; and (4) education and outreach. Five
additional breakout sessions, organized by the SENSE Workshop, focused on needs in the area of sample
environments.

Attendees expressed strong support for community-initiated efforts to incite proposals in each of
these areas. The need for facilities — perhaps located at multiple sites - for isotopic labeling, especially
hydrogen/deuterium substitution, is especially urgent. Prompt action is also needed to provide space,
equipment and staff for laboratories that support users’ needs for sample preparation, manipulation, and
environmental control, and for the use of auxiliary characterization techniques. The initiative to seek
funding for both labeling facilities and supporting laboratories must come from the community. In
addition, both the hard and soft condensed matter communities are excited by the prospect of the neutron
vibrational spectrometer (VISION) that is proposed for SNS becoming reality.

! The report of the SENSE Workshop can be found at www.sns.gov/jins/jins.htm or www.sns.gov/users/users.htm.
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1. FINDINGS AND RECOMMENDATIONS FROM THE BREAKOUT SESSIONS

These recommendations focus on the community’s needs in general at neutron-scattering facilities. A
few are specific to the Spallation Neutron Source (SNS).

1.1 SUPPORT FACILITIES NEEDS FOR SOFT MATTER

Recommendations:

e Provide dedicated laboratory space for soft matter work; sample preparation and manipulation of
specialized equipment for sample environments should be located near the experimental station. In

this regard, it is believed that SNS does not have adequate space currently planned and should as soon

as possible add a room off of the Target Building wall behind the instruments for small-angle neutron
scattering and reflectometry to house such laboratory space.

e Provide laboratory-based X-ray equipment, both a small-angle X-ray scattering instrument and an
instrument for X-ray reflectivity measurements. On-site access to this equipment is critical for a
successful soft matter neutron-scattering program, particularly in biology.

e Provide the supporting services necessary to maintain sample environmental conditions at the
instrument site on the floors. These services would include, for example, gas supply and vacuum
lines; chilled water; ventilation of the sample area (e.g., via elephant trunk); and temperature,
humidity, and pressure control for samples/sample environments before mounting and during
measurements on the sample needs.

e Maintain ample clear space around the sample area to accommodate the growing number of
specialized experiments that bring a large amount of ancillary equipment connected to the sample
area.

o Provide 24-hour-per-day/7-day (24/7) service for transporting large objects to the sample areas.

1.2 NEEDS FOR HARD MATTER: SUPPORT FACILITIES AND SAMPLE
ENVIRONMENTS; ISOTOPIC LABELING

Recommendations:

o Create a general deuteration/isotope materials facility for the production of deuterated and novel
isotopically substituted materials that extends beyond biological and soft matter.?

e Create reasonably sized, dedicated technical/sample environment (SE) staff who are available 24/7
during neutron operations

e Build and locate SE preparation areas at SNS near instruments and amply equip them with
appropriate devices such as glove boxes, hoods, and SE equipment, as detailed in the SE list.

o Develop SE technician training programs with local technical colleges in partnership with SNS and
other institutions.

e Provide an adequate and trained environment, safety, and health (ES&H) and technical staff.

e Develop and sustain a centralized, 24/7 SE preparation and technical assistance center.

2 Additional recommendations on facilities for deuterium labeling are found in the session report that follows this one.
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1.3 DEUTERIUM LABELING (H/D SUBSTITUTION) AND ISOTOPIC SUBSTITUTION

The major requirements and recommendations for H/D-isotopic substitution are as follows:

e Provide facilities for in vivo and in vitro production of H/D-labeled proteins and other
macromolecules.

o Develop methods for the synthesis of labeled polymers, peptides, phospholipids, surfactants, and
other complex biomolecules and other small molecules of interest.

o Explore possibilities to coordinate development of labeling techniques and of additional facilities for
soft matter science.

o Develop, maintain, and distribute improved systems and technologies for production and analysis of
isotopically labeled molecules through creation of a virtual support network.

e Train research staff and students in the aforementioned techniques.

o Explore overlapping and complementary needs in the NMR and other communities.

1.4 EDUCATION AND OUTREACH

e Act as Science Scouts: the neutron-scattering community could grow if facilities would have
members attend national meetings, give talks on neutron scattering, and in general act as advocates
for neutron scattering by hooking up interesting science and scientists with neutron tools.

o Encourage instrument scientists and neutron scatterers to present their research in general sessions,
not specific neutron sessions.

e Target funding for neutron experiments to both encourage people on the edge and bring visibility and
facilitate the use of sources.

o Actively follow-up to neutron schools and events to make the most of interactions with students and
to provided encouragement to the students.

o Consider ways to facilitate integrating neutron scattering into graduate and undergraduate curricula.

o Simplify data analysis and visualization so that neutrons can be a tool and entry to neutron science but
that does not require a commitment to being a neutron scientist.

o Have focused schools offered often so that in any year a student can find a school on nearly every
major topic (magnetism, hard matter, soft matter, structure, and dynamics).

o Facilitate training of graduate students by paying for six months to one year at a facility for work as
technical staff to an instrument scientist while conducing his or her doing their own scientific studies.



2. WORKSHOP BACKGROUND AND CONTEXT

The following points show why neutrons are such useful probes of structure and dynamics in matter

and why neutron scattering and spectroscopy provide such a powerful complement to other scattering and
spectroscopic techniques.

Neutron cross sections exhibit no regular dependence on atomic number and are similar in magnitude
across the periodic table, giving rise to sensitivity to light elements in the presence of heavier ones.
Certain large differences in isotopic scattering cross sections (e.g., H/D) make neutrons especially
useful for study of light atoms in materials.

The range of momentum transfer available allows probing of a broad range of length scales (0.1 to
10° A), which is important in many different materials and applications.

Thermal and cold (longer wavelength) neutrons cover a range of energies sufficient to probe a wide
range of lattice or magnetic excitations, molecular vibrations, rotations, and “slow” dynamical
processes such as polymer chain reptation.

Neutrons have magnetic moments and are thus uniquely sensitive probes of magnetic interactions.
Neutrons can be polarized, allowing the cross sections (magnetic and nonmagnetic) to be separated.
The simplicity of the magnetic and nuclear interactions make interpretation of results straightforward.
Neutrons are electrically neutral leading to penetration depths of centimeters, thereby enabling in situ
studies and the study of samples in extreme environments.

Figures 1 and 2 show the scientific landscape that can be explored using neutron scattering and

spectroscopy. The landscape is presented in terms of capabilities: momentum transfer (Q), energy transfer
(w), and resolution. Coverage is included for selected instruments at SNS. The web sites for other
neutron-scattering facilities in the United States and elsewhere can be consulted for details of their
instruments’ capabilities.
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Fig. 1. Elastic neutron scattering: the study of structure.
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The number of beam lines that remain uncommitted on the first SNS target station is now only 8 of 24.
The sixteen approved instruments are shown on the map in Fig. 3. All of the instruments used for
structural determinations—diffractometers, the small-angle neutron scattering spectrometer, and the
reflectometers—are of significant interest in the chemical and biological sciences. Many of the
spectrometers used to study dynamics are of interest as well; the two for which funding is not yet
identified are in that category: (1) VISION is of great interest for neutron vibrational spectroscopy applied
to chemical and biological problems, as is (2) a neutron spin-echo spectrometer for studying dynamics
from the picosecond to the microsecond timescale over a broad range of momentum transfer vectors. A
spectrometer for macromolecular crystallography using neutrons—not yet on the map—has an SNS
instrument development team (IDT) working on its full science case and desired performance
characteristics. A second, long-wavelength target station, which may begin operation at SNS in 2013, is a
priority in the 20-year facilities plan of the Department of Energy Office of Science. This second target
will be instrumented with up to 22 additional spectrometers, many of them ideally suited to studying the
large characteristic dimensions and low-frequency motions that are of interest in soft condensed matter.

Chemists and chemical biologists need to carefully assess whether the instruments being designed and
constructed for the SNS first target are optimized to provide answers for the grand scientific questions of
most interest to them and whether instrumentation is currently missing that is a high priority to the
community. The NSFChemBio Workshop provided a venue for champions of such instruments to explore
joining existing SNS IDTs or instrument advisory teams (see www.sns.gov) for instruments already on
the map. The workshop also provided opportunities to consider building the science case for instruments
not yet funded and/or still in the conceptual stage that are of interest in the chemical and biological
sciences. The midscale instrumentation initiative in the president’s FY 2004 budget request for the
National Science Foundation (NSF) could provide the means to acquire instrument funding. The
following quote from the National Science Board’s report on “Science and Engineering Infrastructure for
the 21% Century” (NSB-02-190) is relevant:

“Examples of infrastructure needs that have long been identified as very high priorities
but have not been realized include . . . beam line instrumentation for neutron science . . .
In many cases the midsize instruments [the millions to tens of millions of dollars range]
that are needed to advance an important scientific project are research projects in their
own right, projects that advance the state-of-the-art or that invent completely new
instruments.”

The Office of Science and Technology Policy Interagency Working Group on Neutron Science was
charged to investigate the issues facing (current and prospective) users of U.S. neutron facilities and what
can be done to maximize the scientific impact of these facilities. In their June 2002 report, they listed as
two of four priorities: “seek(ing) ways to fully exploit the best present neutron source facilities (including
the SNS)” and “broadening access to these facilities for the benefit of the broadest possible scientific
community.” Strategies to maximize the scientific impact of neutron-scattering facilities in the chemical
and biological sciences and broaden access to them were addressed by workshop attendees in four
breakout sessions:

Support Facilities Needs for Soft Matter
Support Facilities Needs for Hard Matter
Deuterium (and other isotopic) Labeling
Education and Outreach

Some of the NSFChemBio breakout groups also addressed standard and specialized sample
environments. In addition, the five breakout sessions in the companion SENSE Workshop focused on
sample environment needs shared by all scientific disciplines that use neutrons to probe materials.
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3. BREAKOUT SESSION ON SUPPORT FACILITIES NEEDS FOR SOFT MATTER

Facilitators:® Joanna Krueger, University of North Carolina-Charlotte,
jkkruege@email.uncc.edu
Paul Butler, Neutron Scattering Section, Oak Ridge National Laboratory, butlerpd@ornl.gov

Both the prospective and the experienced users of neutron beams from the soft matter (polymer and
biological) sciences were given the opportunity to advise scientific leaders on the community’s needs for
on-site support facilities, such as sample preparation labs, characterization techniques, and computational
support needs. The primary instruments that were discussed by this particular group were the small-angle
neutron-scattering (SANS) and neutron reflectometry (NR) instruments. Specifically excluded from the
discussion was on-line sample environment needs, as that was to be addressed in another session.* Two
primary issues emerged: (1) laboratory—based, X-ray scattering/reflectivity instrumentation on site at the
neutron facility is essential and (2) significant laboratory space on the floor in proximity to the instrument
is critical, as is substantial access space around the sample area. In this vane, it was noted that the floor
space geometry at SNS around the SANS and NR instruments is extremely constrained and it was the
strong consensus of the group that no space currently available would be adequate. Thus, the
recommendation is made to SNS that they plan as soon as possible to add a room off the wall behind the
instrument to house such a facility. The following represents a fairly broad consensus on issues developed
by those present.

I.  There was a strong consensus that access to laboratory-based x-ray equipment is essential for
users in the neutron-scattering community. Such access could potentially make the difference between a
successful and a nonsuccessful experiment and most certainly would decrease the uncertainty of the
neutron data refinement. It was also noted that new users might not have access to small-angle x-ray
scattering (SAXS) or x-ray reflectivity (XR) instrumentation. Thus, access to such support facilities
would not only allow all users to collect an additional set of contrast data at the same time (and with the
same sample) as they collect the neutron-derived contrast data but could also be useful to new users in
testing their systems before using expensive neutron beam time. In summary, the primary purpose of
providing on-site x-ray facilities would be to ensure the quality of the specimens (for both reflectivity and
diffraction), the isomorphism of fully protonated/specifically deuterated pairs of specimens (reflectivity
and diffraction), the quality of inorganic multilayers to be used as reference structures in interferometric
phasing of neutron reflectivity, and to provide an independent data set for the joint refinement of x-ray
and neutron data (reflectivity and diffraction). Two independent instruments were recommended—one
with reflectometer geometry (theta-theta diffractometer) that included a sealed tube source, Goebel
mirrors, and a scintillation detector and one for small-angle x-ray scattering, possibly with a rotating
anode and position-sensitive detector. Due to the complexity of these instruments, it is vital that they be
under the care of a primary instrument responsible or technician.

I. It was deemed essential that a dedicated lab for soft matter be at the experiment level and
adjacent to (or very near) the instrument. Besides sample preparation needs, the need for space to clean
and store the variety of specialized sample environments was mentioned. Experiences from ISIS, the
Institut Laue-Langevin (ILL), the Los Alamos Neutron Science Center (LANSCE), and the National
Institute of Standards and Technology (NIST) were all cited. In this regard, it was deemed that SNS does
not currently have adequate floor space, particularly given requirement 111 that follows. Thus, the
recommendation is made to SNS in particular that they plan as soon as possible to add a room off the wall

% David Worcester, Univ. of Missouri-Columbia and Jarek Majewski, Los Alamos National Laboratory, also contributed to
the written report.

* The companion workshop, Sample Environment Needs for Scattering Experiments (SENSE), held break-out sessions that
focused on sample environments. See that workshop report for more details www.sns.gov/jins/jins.htm or
WWW.sns.gov/users/users.htm.



http://www.sns.gov/jine/jins.htm
www.sns.gov/users/users.htm

behind the instrument to house such a facility. It was noted that this is not really any different than putting
building extensions for instruments onto the experiment hall. Types of equipment essential at this work
station include Milli-Q water plant, a hood, Langmuir troughs (one to study neutron or X-ray
reflectometry on the X-ray and neutron spectrometers and second to perform off-line isotherms
measurements and Langmuir-Blodgett depositions) and setup needs, a dedicated UV spectrometer,
Brewster angle microscope, an ellipsometer, a (90 degree) dynamic light scattering (DLS) particle sizer, a
spin coater, sputtering, chromatography pump, as well as standard equipment like balances, centrifuges,
water baths, refrigerator, ozone cleaner, ovens, glove boxes, etc. The lab should also be stocked with
standard laboratory items such as pipettes, glassware, gloves, etc. The recommendation was made that
Susan Krueger at NIST, who has recently completed a list for stocking a new biology lab, Zoey Bowden
at ISIS, Jarek Majewski at LANSCE, and Yamali Hernandez, who stocks the regular labs at NIST, could
be contacted for a list of what standard equipment and supplies might be needed rather than attempting to
enumerate them in this discussion. With increasing complexity of experiments, there is a growing need
for a more complete nearby laboratory for preparation of samples that do not transport well or have short
shelf lives and offer access to a variety of equipment such as liquid chromatography, freeze dryers,
rotovaps, etc. This laboratory could be somewhat further removed (e.g., an adjacent building) or in the
case of the SNS be located in the Central Laboratory and Office Building (CLO). The stocking of this
laboratory would probably best be done gradually, based on the needs of the in-house staff and in
collaboration with the users that have particular needs. It may be appropriate to have two such facilities,
one for biology and another for the rest of soft matter as the needs can be quite different. Key to the
success of a good support lab with useful support equipment is an appropriate level of technical staffing
and a strong personal interest from in-house scientific staff.

I11. The needs of the variety of experiments carried out on SANS in particular dictate that a
substantial amount of floor space be available around the sample area. Supporting services required
include gas supply (helium, N,, compressed air, etc.), vacuum line, chilled water, three-phase power, a
ventilation hood over the sample area (elephant trunk) for ventilation of volatile samples, and noise-
reduction curtains. Ways of dealing with maintaining sample environmental conditions (particularly
temperature and humidity) during transport to the beam position (off-line sample environment) were
considered important as well. The idea was also raised of having a liquid nitrogen line near the SANS
instrument, leading from a large supply tank outside the hall. This could reduce the need for filling and
lifting large Dewars. Of course, the supply tank must be accessible by a liquid nitrogen delivery truck.

IV. It was deemed very important that the ability to transport large objects (e.g., Dewars) to the
sample area be available 24/7. Along those lines, again, it is noted that the only access for the SNS SANS
would be by overhead crane and the question was raised as to what accommodations are to be made for
such access (e.g., crane operators on duty 24/7, users trained in crane operation).

V. Time precluded lengthy discussions on software support needs. It was pointed out that another
workshop a few weeks away was being held to address this very issue. One theme that did surface was the
need for real-time visualization coupled with modeling.
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4. BREAKOUT SESSION ON NEEDS FOR HARD MATTER: SUPPORT FACILITIES
AND SAMPLE ENVIRONMENTS; ISOTOPIC LABELING

Facilitators: John Larese, University of Tennessee/Oak Ridge National Laboratory, jzl@utk.edu
John Turner, University of Tennessee, jturner@atom.chem.utk.edu

The main areas discussed during the hard matter breakout session were (1) assistance for new users
by trained technical staff with sample environment/preparation tasks, (2) development of well-equipped
sample environment areas in the vicinity of neutron instruments, (3) creation of a deuteration/separated
isotope preparation sample facility, and (4) development of schools or training programs to develop
technical staff for sample environment assistance. Several recommendations and a non-exhaustive list of
sample environment equipment emerged from the discussion outlined in detail below.

Recommendations:

o Create a general deuteration/isotope materials facility for the production of deuterated and novel
isotopically substituted materials that extends beyond biological and soft matter.5

o Create reasonably sized, dedicated technical/SE staff who are available 24/7 during neutron
operations.

o Build and locate SE preparation areas at SNS near instruments and amply equipped them with
appropriate devices like glove boxes, hoods, and SE equipment, as detailed in the SE list.

o Develop SE technician training programs with local technical colleges in partnership with SNS and
other institutions.

e Provide an adequate and trained ES&H and technical staff.

e Develop and sustain a centralized, 24/7 SE preparation and technical assistance center.

41 DISCUSSION SUMMARY

The audience of the hard matter session was composed of many experienced neutron users with a
smaller number of newer users (mostly students and junior faculty). The less experienced neutron users
indicated that they clearly need an area for sample preparation and experienced guidance during all
aspects of their use of neutrons (including data collection and postexperiment data reduction). There was
a consensus among all session attendees that laboratory preparation space be located near the instruments
(i.e., as close as possible to the instrumental floor) and that the SE areas should be well-equipped (see
attached list of typical experimental sample environment equipment) and accessible 24/7 during run
cycles. Furthermore, it was recognized that an ample number of well-trained, SE technical staff was a
requirement for the successful operation of SNS or any neutron user facility. Finally, everyone agreed that
all of the interfaces to instrument control, sample environments, and data reduction must be user friendly
and well documented.

Some time was spent discussing the need to expand the idea of a deuteration lab to include more that
just biological/soft matter samples. In fact, the hard matter attendees felt that a more diverse center
incorporating general isotope substitution and deuteration was needed for SNS. It was felt that there was a
need to hire resident expertise to perform the required chemistry. The staff at this facility would likely be
chemists and material scientists who would perform deuteration or partial deuterations of organics,
biological samples, and other hard matter samples. It was suggested that this resource was one that could
be extended to include a multisite, multicountry effort with pooling of resources and perhaps a central
repository of materials/knowledge. This would help crystallography, inorganic, and polymer areas of
science.

® Additional recommendations on facilities for deuterium labeling are found in the session report that follows this one.
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The rest of the discussion focused on the need for qualified personnel to assist in and run the SE and
ES&H areas. It was recognized that good technical support staff are the backbone of the neutron facility
and are often responsible for a major portion of the success of an experiment. Attendees thought that
some type of SE technical training course and interfacility apprenticeships or mentoring might be a useful
way to train individuals for these SE jobs. The use of community colleges and technical centers was also
suggested. Some users indicated that they would like access to certain technical areas (i.e., users with
proper training and certification) like machine shops, glass shops, and chemistry labs for out-of-hours
operations. Finally, it was uniformly recognized that the SE people need to be employed in sufficient
numbers (average of about two per instrument) and reside in a general pool, including
electronics/computing, vacuum/gas handling, low-temperature, and mechanical experts. It was hoped that
a true 5.5 full-time equivalent (FTE)/instrument with 3 instrument scientists per instrument would be
possible.

42 SAMPLE PREPARATION

The following is an itemized listing of the major components of the sample environment
requirements:

Accurate balances (1-kg and 100-g range)
Inert gas glove box handling systems (with appropriate antechamber access)
Environmental/chemical hoods with appropriate external venting and air vacuum and gas supply lines
Complete set of hand, simple machine tool, and electrical devices (meters) and ample work bench
space
Vacuum and conventional furnaces
Complete high-vacuum systems including high-volume, corrosive atmosphere, and oil-free systems
(turbo pump based)
o Computer-controlled and conventional gas-handling manifolds (both in lab and on instrument
systems)
o Sample holders, annular, flat plate and cylindrical geometry (aluminum, vanadium, zero-scattering
alloy) with gas entry capillary access
Sample assembly enclosures (Plexiglas box system for assembling samples in a helium atmosphere)
e Sample storage vessels including bell jars and desiccators for retention of air-and moisture-sensitive
samples
Complete set of hand tools and ancillary fasteners and sealants
o Helium leak detector
Cryostat-compatible sample inserts with gas-handling or remote sample introduction capabilities, also
with rapid temperature change/quick quench, remote gas sampling, or gas flow capabilities
o Cryostats-cryo-furnaces with various features covering the temperature range from <300 mK to
1000°C (including but not limited to recirculating helium 3 fridge, simple dilution fridge, rapid
change displex, and ILL orange cryostats)
o Gas storage cabinets and regulators for handling a wide range of inert and corrosive gases
Distilled water source
e Separate sample prep area

4.2.1 Sample Characterization On/Off line (*Adapted for On-Line or In Situ Use)

GC-mass spectrometer™
Differential scanning calorimeter*
IR-Raman spectrometer
Ellipsometer
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X-ray powder diffractometer

Vapor pressure adsorption apparatus capable of BET analysis and variable temperature*
Residual gas analyzer*

Flow reaction chambers and cells for catalysis experiments*

Hydrothermal cells* (zeolite to clathrates)

Cells for examining liquids in porous media

Medium/moderate pressure vessels (< 20 kbar) (e.g., to study hydrogen storage)

43 SAMPLE STORAGE/DISPOSAL

Environment-regulated storage containers for postexperiment analysis and medium-term (six- month)
storage.

4.4 SESSION PARTICIPANTS

Name E-mail Institution
Chris Redmon L24@ornl.gov High Flux Isotope Reactor (HFIR)
Oswald Uwakweh uwakweh@ece.uprm.edu University of Puerto Rico, Mayaguez
Joan Frye jfrye@nsf.gov NSF
Joe Zwanziger jzwanzig@dal.ca Dalhousie University
Jim Martin jdmartin@nscu.edu NCSU
Tom Koetzle tkoetzle@anl.gov Intense Pulsed Neutron Source (IPNS)
Barbara Reisner reisnerba@jmu.edu James Madison University
Eric C Moloy ecmoloy@ucdavis.edu University of California at Davis
John Tomkinson j.tomkinson@rl.ac.uk ISIS
David Lennon d.lennon@chem.gla.ac.uk  University of Glasgow, UK
Jason Clark clark@novell.chem.utk.edu University of Tennessee, Knoxville (UTK)
Rick Cook rcook5@utk.edu UTK
Craig Brown craig.brown@nist.gov University of Maryland/NIST
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5. BREAKOUT SESSION ON DEUTERIUM LABELING

Facilitators: Dean Myles, Center for Structural Molecular Biology,
Oak Ridge National Laboratory, mylesda@ornl.gov
Jeff Penfold, ISIS, Rutherford Laboratory, UK, J.Penfold@rl.ac.uk

5.1 SUMMARY

This session aimed at identifying the needs and requirements for H/D-isotopic labeling in the soft
matter (polymer) and biological-scattering communities. Neutron scattering provides a unique
nondestructive tool that is able to probe these complex macromolecules over a wide range of length and
time scales and provides key insights into their structure and dynamics. The power of the neutron-
scattering technique lies in the ability to exploit—and manipulate—the isotopic H/D content of the target
molecule and of its environment in order to selectively highlight and analyze selected parts of complex
systems in situ. Together with improvements in instrumentation, isotope labeling not only improves
signal/noise ratios and reduces the size limitations that have complicated such applications in the past,
but, in many cases, provides new, more sophisticated, more powerful approaches to complex problems in
biology and soft matter science.

The need for a concerted and coordinated approach to meet the H/D-labeling requirements for
chemistry, biology, and soft matter science was emphasized repeatedly during the meeting. Providing
users with the tools and facilities needed to produce deuterated material would enhance both the quality
and quantity of neutron experiments that can be done at SNS and other neutron research centers and
would, in many cases, make feasible new and more sophisticated experiments than can currently be
performed. The requirements for H/D-labeled materials in these fields are so fundamental that this group
concluded that SNS should lead efforts to coordinate these activities and should explore the provision of
facilities and infrastructure for the design and production of H-D labeled materials. Such efforts were
flagged as a priority for SNS.

The major requirements and recommendations for H/D-isotopic substitution are as follows:

e Provide facilities for in vivo and in vitro production of H/D-